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Hybrid cells producing monoclonal antibodies against the O-antigens of Shigel- 
la flexneri were obtained by polyethylene glycol-medtated fusion of myeloma cells 
and lymphocytes from BALB/c mice immunized with whole heat-killed 5. flexneri 
bacteria of serotypes 2a and 2b. Clones were selected for their binding specificity 
to structurally defined 5. flexneri Hpopolysaccharides (LPS). The following three 
groups were identified as recognizing three different epitopes: monoclonal anti- 
bodies binding to (i) S. flexneri LPS with the 11:3,4 antigens* (ii) 5. flexneri LPS . 
with the 11:3,4 antigens and the 11:7,8 antigens, and (iii) 5. flexneri LPS with the 
7,8 group antigen only. Of cloned and characterized antibodies, more than 90% 
had either the u, or -yj heavy chain and 98% had the k light chain. The exquisite 
specificity of each monoclonal antibody preparation was in complete contrast to 
the polyclonal specificities seen in sera from immunized rabbits. Even absorbed 
rabbit S. flexneri typing sera contained antibodies reacting with several different 
LPS, i.e., they were not type antigen specific. Ascites from immunoglobulin G 
monoclonal antibody preparations representing the three different specificities 
were used for sensitizing Staphylococcus aureus Cowan 1 bacteria and were used 
in coagglutination. In testing 211 clinical isolates of all different serotypes of 5. 
flexneri, the reagents were shown to be sensitive and specific in correctly 
identifying all 5. flexneri II and 7,8 antigen-containing strains with no false 
positives. Two isolated immunoglobulin M antibody clones specific for the 11:3,4 
and 7,8 antigens were used as successfully for identification by direct slide 
agglutination. These results suggest that the monoclonal reagents are superior to 
conventional typing antisera. 



Shigella flexneri bacteria are subdivided into The establishment of the hybridoma technique 
serotypes based on the combination(s) of ami- by Kohler and Milstein (18) has enabled the 
genie determinants present in the O polysaccha- production of monoclonal antibody preparations 
ride (PS) chains of the cell envelope lipopoly sac- with defined specificity. In this paper we de- 
charide (LPS) (7). Each serotype usually has one scribe the production, selection, and character- 
type-specific (I, II, III, etc.) and one group- ization of monoclonal antibodies with specificity 
specific (3,4; 7,8, or 6) antigenic determinant, for three antigenic determinants of S. flexneri 
Antisera for diagnostic purposes are produced (MASF). These monoclonal antibodies were 
by immunization of rabbits, followed by repeat- shown to be superior to conventional rabbit 
ed absorptions to render the antibody prepara- antisera in terms of specificity and enabled the 
tions specific. However, despite much effort, absolute identification of 5. flexneri serotype 2 
the specificity of the resulting antibody prepara- and 5. flexneri serotypes carrying the 7,8 group 
tions has been questionable. Structural analyses antigen, 
of the O-antigenic PS chains of 5. flexneri per- 
formed in recent years have established that all MATERIALS AND METHODS 
serotypes (from 1 to 5) have a basic O side chain ^ - _ . ... „ _ . _ 

constructed as shown in Fig. 1, a structure * h '*l !l % so J?*i ™* L fi £"Z? 

;H*.«t;^o) t« v Tk- - strains of serotypes la. lb, 2a, 2b, 3a, 4a, 4b, 5a, 5b, 

identical to serotype Y. The various serotype x and 6 WC re obtained from the strain collection of 

specificities are a result of additions of D-gluco- tnc Nalional Bacteriological Laboratory (NBL), 

syl or acetyl residues or both to the various L- Stockholm. Sweden. S. flexneri strain F3 (serotype Y) 

rhamnosyl or the N-acetyl-D-glucosaminyl resi- and the bacteriophage Sf 6 lysogenic variant (serotype 

dues of the basic Y structure (Fig. 1) (15-17). 3b) were obtained from P. Gemski. Jr., Walter Reed 
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Antigenic Scrotyp* 

2l-o-fr-Rh«£tX>-U-* 2|-o-^-Wl«gMI|-«l-* Jl-«-fc-MiagfXXI>*<l-» 3>-8-9-CicMAcg- t-«3.4> » 

2)-«-L-Rha£CI>*(l-» 2>-a-f Rh *E III> - <1 -* 3>7*-&-W**E«"I»-<*-> *>-BtD^G1cIIAci»-»X-* l-*7,§) » 

9-p-GlC£ 

-» ?)-o-i-Rhap(l)-(l-* J)-a-fc-Rha£CII)- 3) -*-l,-Rh&£t III) - 1 1-> 3) -B-£-CIcMAc£- CIlt3,«> 2a 

T 

-> 2)-.n-^-Rha E (I)-a-* 2)-^-^-Rna£lII)-lX-» 3> -o^-W^El III) - U-> 3)-e-g-ClcWAe£- fXI>7,8) 2b 

a-£-GlC£ &-£-GlC£ 

-4 2)-a-^-Rha E (l)-a-> 2)-*-fc-Rha£<II)-U-* 3) -o-fc-Rha E <I II I - 1 1-» J ) - B-g-ClcMAcg- 1 1 fXXXf6.7,6) 3* 

I £■ 

«^ 2)-o-^-Rha E (I)-a-» 2)-a-fe-Rh»£CII)-U-# 3)-o-fc-Rha£tXII)-ll-* 3)-e-£-CleWAc£- tl-> IVi7,a> Sb 

I . I 

FIG. 1. Siructurc of the O-antigenic polysaccharide chain in S.ftexneri LPS. Abbreviations: Rha, rhamnose; 
GlcNAc, /V-acetyl-glucosamine; Gk, glucose; OAc, O-acetyl. 



Army Institute of Research, Washington, D.C. Staph- 
ylococcus aureus Cowan I was obtained from T. 
Holme. Department of Bacteriology, Karolinska Insti- 
tute, Stockholm, Sweden. For coagglutination tests, 
S.fiexneri strains from NBL as well as clinical isolates 
were used. 

Preparation of LPS. Bacteria were grown in sub- 
merged culture, and LPS were extracted by the phe- 
nol-water method from formaldehyde-killed bacteria 
(27). 

Chemical characterization of LPS. Sugar analysis of 
LPS was performed essentially as described by Sawar- 
deker et al. (25). After hydrolysis and subsequent 
work-up, the monosaccharide alditol acetates were 
analyzed by gas-liquid chromatography, using a Per* 
kin-Elmer 990 instrument fitted with a 3% OV-225 
column. For nuclear magnetic resonance (NMR) spec- 
troscopy, O-antigenic PS devoid of lipid A were used. 
Lipid A was cleaved by weak acid hydrolysis (6), lipid 
was spun down, and the PS-enriched supernatant was 
dialyzed against distilled water before lyophilization. 
•H-NMR spectra were recorded on a Jeol Fx. 100 
instrument operated in the PFT mode. The spectra 
were recorded for solutions in D 2 0 at 85°C with 
external tetramethylsilane as the internal standard. 
Sodium dodecyl sulfate-polyacrylamide gel electro- 
phoresis (SDS-PAGE) was run essentially as de- 
scribed previously (20). The separation gel (142 by 120 
mm, 1.5 mm thick) contained 20% acrylamide and 
0.45% bisacrylamide. The stacking gel (142 by 40 mm) 
contained 4.5% acrylamide and 1.2% bisacrylamide. 
Samples (5 pg per well) were heated for 5 min at 100°C 
in a sample buffer consisting of a 0.0625 M Tris- 
hydrochloride buffer (pH 6.8) containing 2% SDS, 10% 
glycerol, 2% mercaptocthanol. 0.1% Na 2 -EDTA. and 



0.001% phenol red as the tracking dye. Gels were 
stained by the stiver method (26). 

Cell culture media. Standard medium consisted of 
RPM1 1640 (GIBCO Bio-Cult Ltd., Paisley, Scotland) 
containing 10% (vol/vol) heat-inactivated (56*C, 30 
min) newborn calf serum (GIBCO), 1 mM sodium 
pyruvate. 100 U of penicillin-streptomycin and 4 mM 
L-glutamine. For hypoxanthine-aminopterin-thymi- 
dine selection standard medium was supplemented 
with 0.1 mM hypoxanthine (6-hydroxypurin), 0.016 
mM thymidine, and 0.4 u-M aminopterin (4-aminofolic 
acid). After 14 days of selection, aminopterin was 
omitted. A week later, hypoxanthine and thymidine 
were also excluded. 

Standard medium, as described above, without the 
calf serum was used for serum-free cultures of hybri- 
domas. The medium was supplemented with 1% non- 
essential amino acids (Flow Laboratories Ltd., Irvine, 
Scotland). 5 *tg of insulin per ml (Sigma Chemical Co.. 
St. Louis. Mo.), and 5 |ig of transferrin per ml (Sigma) 
(3). 

Rabbit antisera. Rabbits were immunized twice 
weekly with increasing doses (0.25 to 2.0 ml) of whole 
heat-killed bacteria (2 x 10* cells per ml) intravenous- 
ly. After 3 weeks, blood was drawn and serum was 
tested. Absorptions of rabbit antisera were performed 
with whole heat-killed bacteria according to standard 
manuals (7). 

Hybridoma production. BALB/c mice were immu- 
nized intra peritoneally on days 0 and 21 with 1 x 10* 
heat-killed 5. fiexneri bacteria suspended in Freund 
complete adjuvant and in phosphate-buffered saline 
(PBS) (pH 7.2), respectively. On day 25. spleen cells 
from immunized mice were fused with either of the 
mouse plasmacytoma cell lines FO or Sp2/0, essential- 
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ly as described by De St. Groth and Scheidegger (4). 

At 1 day before fusion, microliter plates (Titertek; 
Flow Laboratories) were prepared with 0.2 ml of 
hypoxanthine-aminopterin-thymidine medium and 5 x 
l(r mouse peritoneal cells per well. For fusion, spleen 
cells from three immunized BALB/c mice were 
washed and a portion (3 x 10 7 to 1 x 10" cells) fused 
with 5 x 10 7 washed myeloma cells in PEG 4000 (E. 
Merck AG, Darmstadt, West Germany). The cells 
were spread in 0.05-ml samples in 440 microliter wells. 
After 12 to 14 days of growth in selective medium (21) 
culture supematants were assayed in enzyme-linked 
immunosorbent assay (ELISA) against homologous 
LPS. (Wells with an A** x 100 miri of >1.0 were 
scored as positive.) Subsequently, clones binding to 
LPS were tested by using seven 5. fiexneri LPS of 
types 2a, 2b, 3a, 5b, X, Y, and 4bR. Hybridomas 
giving specific binding to homologous LPS and to LPS 
carrying homologous antigenic epitopes were recloned 
twice by limiting dilution or until 100% cloning effi- 
ciency was accomplished. Ascites tumors were in- 
duced in pristane-treated (2,6,10,14-tetramethylpenta* 
decane; Aldricb Chemical Co., Milwaukee, Wis.) 
BALB/c mice (23). Approximately 3 x 10 6 hybridoma 
cells were administered intraperitoneal y. After 7 to 21 
days, mice were killed and the ascites fluid was 
collected. 

Purification and characterization of monoclonal anti- 
bodies. Ascites fluid was purified by affinity chroma- 
tography by using a Staphylococcus aureus protein A- 
Sepharose column (Pharmacia Fine Chemicals, 
Uppsala, Sweden) (9). Antibody class and subclass 
were determined by double radial immunodiffusion. 
Culture supematants were concentrated 10 times by 
ammonium sulfate precipitation and tested against 
rabbit anti-mouse immunoglobulins y%, y^,, 72b* Yi. 
and p. heavy chain an lis era and rabbit anti-mouse k 
and X light chain antisera (Litton Btonetics, Kensing- 
ton, Md.). 

Preparation of protein A -containing staphylococci. 

The preparation of staphylococci was performed es- 
sentially as described by Kronvall (19). The bacteria 
were grown overnight at 3TC in Tryplicase soy broth 
(BBL Microbiology Systems, Cockeysville, Md.). The 
suspension was washed in PBS at 4°C three times. The 
bacteria were then treated with 0.5% formaldehyde for 
3 h at room temperature. After subsequent washing, 
the bacteria were suspended to 10% (vol/vol) in PBS 
and heat treated at 80°C for 10 min. The washings were 
repeated twice in 0.1 M sodium phosphate buffer (pH 
8.0), and the bacteria were finally suspended to 10% as 
before. The staphylococci were then stored at 4°C 
until used. 

Preparation of sensitized staphylococci, A 0.1 -ml 
amount of ascites was added to 1 ml of the 10% 
formaldehyde and heat-treated staphylococci suspen- 
sion. The suspension was kept for 3 h under continu- 
ous agitation and then washed twice at 4°C with 0.1 M 
sodium phosphate buffer, pH 8.0. The sensitized bac- 
teria were resuspended to 2% (vol/vol) in the same 
buffer and stored at 4°C until used (up to 2 months). 

For coagglutination (COA) testing, Hgl 2 -killed (2 h 
at 2<TC with 0.1% Hgl 2 . 0.4% Kl. 0.04% (vol/vol) 
formaldehyde, and 0.9% NaCI) Shigella strains were 
boiled for 1 to 2 h and spun, and a small portion was 
suspended in 0.05 ml of COA reagent on a glass slide, 
which was rocked back and forth. Agglutination was 



registered as ++ when clear, as seen by the naked eye 
within 30 s, and as + if a magnifying glass was needed 
for observation. 

ELISA. ELISA was run in Nunc (A/S Nunc, Ros~ 
kilde, Denmark) 96-wel) flat-bottomed microliter trays 
(8, 29) ; 0.1 ml of all LPS (10 u*/mi in 0.05 M carbonate 
buffer, pH 9.6) was added to each well and kept at 
20°C overnight. After coating, 0.1 ml of 1% bovine 
serum albumin (grade V; Pentex Biochemical, Kanka- 
kee, 111.) in the same carbonate buffer was added, and 
the trays were kept at 4°C until used. Before use the 
coated plates were washed three times with 0.15 M 
NaCI containing 0.05% Tween 20. A 0.1 -ml amount of 
either serum, culture fluids, or ascites (diluted in PBS- 
0.05% Tween 20) was added, and the plates were 
incubated for 4 h at ambient temperature (20°C). Trays 
were washed as before, and an alkaline phosphatase- 
conjugated rabbit anti-mouse immunoglobulin (diluted 
in PBS-0.05% Tween 20) purified by immunoadsorp- 
tion was added (2). Alternatively, a sheep anti-rabbit 
immunoglobulin was used. (The conjugates have been 
tested and shown to detect both immunoglobulin O 
(IgG), IgM, and IgA; unpublished data.) Trays were 
incubated overnight at room temperature. 

For developing, trays were washed as before, and 
0.1 ml of a 1 M diethanolamine (I. T. Baker Chemicals 
B.V., Denventer, Holland) and 0.5 mM MgClj (pH 
9.8) buffer containing 1 mg of p-nitrophenyl phosphate 
per ml (Sigma) was added. Plates were incubated at 
37°C for 100 min and read in a Flow Titertek Multiscan 
photometer at 405 run. For end point titrations, 10-fold 
dilutions of 10" 2 to 10~* in PBS-O.05% Tween 20 were 
made of the serum or ascites to be tested. After 
running the test as described, the values for different 
dilutions were plotted on a logarithmic scale, and the 
serum dilution giving the absorbance 0.1 at 405 nm x 
100 min at 37°C was extrapolated as the end point titer. 

RESULTS 

LPS heterogeneity in S. fiexneri analyzed by 
SDS-PAGE. SDS-PAGE of the LPS prepara- 
tions used in this study revealed a heterogeneity 
in the amount of O-antigen present in the LPS 
(Fig. 2). The LPS preparations of serotypes lb, 
3a, 5a, and X had much naked core (without O 
chains). Thus, there is a possibility that even 
when using LPS from smooth strains as anti- 
gens, antibodies binding to the core region can 
be selected. This necessitated the use of a chem- 
ically characterized LPS from the 5. fiexneri 
4bR rough mutant as a negative control (13, 14), 
Furthermore, all LPS used were assayed by 
sugar analysis and 'H-NMR and found to be in 
agreement with published structures (15-17; 
data not shown). 

Specificity and titer of mouse anti-S. fiexneri 
type 2a and 2b monoclonal antibodies. Subse- 
quent to two fusion experiments with spleen 
cells from 5. fiexneri type 2a-immunized mice, 
15 clones (1.5% of wells positive for cell growth) 
with anti-5. fiexneri type 2a specificity were 
found; 13 were IgG clones and 2 were IgM 
clones. None of these reacted with the 5. flex- 
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FIG. 2. SDS-PAGE analysis of 5. flexneri LPS. 
Samples of 5 M-g were subjected to electrophoresis. 
Slots 1 to 14 show 5. flexneri serotypes la, lb, 2a, 2b, 
3a, 3b, 4a, 4b, 5a, 5b, X, Y, 6, and 4bR (a rough mutant 
completely lacking O-antigen), respectively. 



neri type 2b LPS antigen. Nine clones reacted 
exclusively with the S. flexneri type 2a LPS. The 
EL1SA endpoint titers for one IgG ascites- 
grown clone [MASF(II:3,4>1] against the test 
battery of S. flexneri and 5. sonnet LPS are 
shown in Fig. 3. All nine IgM and IgG clones 
showed the same unique specificity for the 5. 
flexneri type 2a antigen and no measurable titer 
against any other tested LPS antigen (<0.5 x 
10 3 ). 

Subsequent to one fusion experiment with 
spleen cells from 5. flexneri type 2b-immunized 
mice, 65 clones (15% of wells positive for cell 
growth) reactive with 5. flexneri type 2b LPS 
were found. Of these, 31 were specific for the 
7,8 antigenic determinant, 5 reacted exclusively 
with the type 2b LPS antigen, and 1 reacted with 
both the type 2a and 2b LPS antigens. The 
remaining 28 clones showed additional reactivity 
with non-type 11:3,4, 11:7,8, or 7,8 antigenic 
determinants (data not shown). The results of 
the ELISA titrations, which display excellent 
specificity for the 7,8 antigenic determinant, for 
one IgGj [MASF(7,8)-1] clone grown as ascites 
are shown in Fig. 4a, and those for the one IgG 3 
clone [MASF(1I)-1] showing type 2a and b speci- 
ficity are shown in Fig. 4b. 

Supernatants from serum-free cultures of the 
clones were concentrated 10-fold by ammonium 
sulfate precipitation and assayed for subclass 
specificity by double radial immunodiffusion. Of 
the clones, 60% had the u,, 33% had the -y 3 , and 
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FIG. 3. ELISA endpoint titers of one monoclonal 
antibody preparation with specificity for one epitope 
of S. flexneri type 2a (11:3.4) [MASF(H:3,4M) OgGj). 
Ascites fluid was collected from BALB/c 
pooled, and assayed. 



6% had the y % , 7^, or -y^b heavy chain. Only one 
clone had the X light chain, all the rest (98%) had 
the k light chain. 

Specificity and titer of rabbit anti-S. flexneri 
antisera. Conventional preparation of diagnostic 
5. flexneri antisera involves immunization of 
rabbits. The ELISA antibody titers against the 
same test panel of Shigella LPS antigens as 
those used above in serum collected from a 
rabbit immunized intravenously with heat-killed 
5. flexneri type 2a are shown in Table 1. When 
several different preparations of absorbed anti- 
sera (intended to be specific for the S. flexneri II 
and 7,8 antigenic determinants) used for diag- 
nostic purposes were tested by ELISA they 
were shown to contain measurable and signifi- 
cant antibody titers against not only the desired 
antigenic determinant but also against other un- 
wanted antigenic determinants (Table 1). 

COA with 5. aureus Cowan 1 sensitized with 
the S. flexneri-specUie monoclonal antibodies. 
For sensitization of the 5. aureus Cowan 1, 
ascites fluid diluted 1:10 and 1:5 was used for the 
11:3.4 [MASF(II 3,4)-l] and 7,8 [MASF(7,8)-1] 
clones, respectively. The ascitic fluid titer of the 
Il-specific clone [MASFfHMl was too low to 
sensitize the bacteria. After purification and a 
fivefold concentration, using affinity chromatog- 
raphy on a protein A-Sepharose column, the 
antibody preparation was suitable for sensitiza- 
tion. 

A total of 211 S. flexneri strains were tested in 
COA with the three monoclonal antibody prepa- 
rations. All 5. flexneri type -2a and 2b strains 
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FIG. 4. ELISA end point titers of two monoclonal antibody preparations with specificity for different epitopes 
of 5. flexneri type 2b (11:7,8). Ascites fluid was collected from BALB/c mice, pooled, and assayed, a, 
[MASF(7.8M1 (IgG,); b, [MASFUIMl (IgG*). 



agglutinated the II-specific monoclonal antibody 
[MASF(II)-1] reagent, whereas no other strains 
were agglutinated (Table 2). The same excellent 
specificity was found for the two other antibody 
preparations; the 11:3,4 antibody (MASF(II:3,4)- 
1) reagent agglutinated only the type 2a strains 
and the 7,8 antibody (MASF(7,8)-1] reagent ag- 
glutinated only the antigen 7,8-containing 5. 
flexneri strains. 

The clones showing S. flexneri type 2b speci- 
ficity (11:7,8) by ELISA were found unsuitable 
for COA purposes since they did not show the 
desired specificity. 

Direct agglutination with monoclonal IgM anti- 
bodies. Two monoclonal IgM antibody prepara- 
tions with specificity for either S. flexneri type 
2a [MASF (II:3,4)-2] or the antigen 7,8 determi- 
nant [MASF(7,8>2] were tested in slide aggluti- 
nation. Both clones could be diluted, the end- 
point titers for agglutination visible with the 
naked eye were 1:40 for the II:3,4-specific clone, 
and 1:400 for the 7,8 antigen-specific clone. The 
specificity was as excellent as that found for the 
IgG clones (Table 3). 

DISCUSSION 
The fact that the structure of the O-antigenic 
PS chain of S. flexneri is known (5, 15-17) 
facilitated the selection and characterization of 
isolated monoclonal antibodies with specificity 
for the O-antigen. All LPS used in this study 
were chemically defined by sugar analysis, I H- 
NMR spectroscopy, and in accordance with 
published data (15-17). In this study, primarily 
aimed at production of S. flexneri serotype 2 



monoclonal antibodies, three main groups with 
specificity for the O-antigen were obtained: (i) 
antibodies with specificity for serotype 2a and 
2> strains (MASF(II>1] (Fig. 4B, Table 2). (ii) 
antibodies with specificity for S. flexneri type 2a 
strains only lMASF(II:3,4)-l,-2] (Fig. 3, Table 2, 
Table 3), and (iii) antibodies with specificity for 
the 7,8 antigenic determinant, e.g., 5. flexneri 
serotypes 2b, 3a, 5b, and X (MASF(7,8)-1,-2J 
(Fig. 4, Table 2, and Table 3). 

It is interesting to speculate to which region of 
the O-antigenic PS chain these monoclonal anti- 
bodies bind. Both classes binding to 5. flexneri 
serotype 2 strains apparently interact with the a- 
r>glucose p 1 — ► 4 a-L-ramnosyl pill epitope 
(Fig. 1). They differ, however, in that the pres- 
ence of the a-r>-glucosc p 1 — ► 3 a-o-rhamnosyl 
pi epitope (the 7,8 antigenic determinant as 
present in serotypes 2b, 3a, 5b, and X) is com- 
patible with binding for the MASF(II) antibod- 
ies, but not with binding of the MASF(II:3,4) 
anUbodies (Fig. 3 and 4b, Table 2). 

Quantitative inhibition studies with synthetic 
saccharides identical to various regions of the O- 
antigenic PS chain will help us define the binding 
specificity of the antibodies. The conformation 
of the 5. flexneri serotype Y O-antigenic PS 
chain has recently been determined using NMR 
(1). Such knowledge, when extended to the 
serotype 2a and 2b PS, will certainly aid our 
understanding of the molecular basis for the 
difference in specificity for these two groups of 
antibodies. 

The third group of monoclonal antibodies, 
MASF(7,8), reacted specifically with the 7,8 
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TABLE 2. COA using 5. aureus Cowan 1 sensitized 
with monoclonal antibodies specific for 5. ftexneri 

No. of strains positive by COA/ 



1 

8 

X 

I 
5 

8 



5 




S. ftexneri serotype 
(antigenic formula) 


(MASF 


[MASF 


[MASF 


(ii-mi 


(11:3.4m] 


(7^-11 




(IfiCs) 


OgCh) 


(lgO>) 


la (1:4) 


0/4 


0/4 


0/4 


lb (1:6) 


0/17 


0/17 


0/17 


2a (11:3,4) 


64/64 


64/64 


0/64 


2b (11:7,8) 


27/27 


0727 


27/27 


3a (111:6.7,8) 


0718 


0718 


18/18 


3b (111:6,3.4) 


0/9 


0/9 


a/9 


4a (IV:3,4) 


0/13 


0/13 


0/13 


4b (1V:6) 


071 


a/i 


an 


5a (V:3,4) 


(VI 


071 


o/i 


5b (V:7,8) 


0/7 


0/7 


7/7 


5 non-a, non-b (V:—) 


0711 


a/ii 


a/ii 


X (-:7,8) 


a/29 


(V29 


29/29 


Y(-:3,4) 


0/4 


a/4 


0/4 


6 (VI:-) 


0/6 


0/6 


a/6 



determinant-carrying strains (Tables 2 and 3, 
Fig. 4a). This implies that the combining site of 
these antibodies recognizes the ot-r>-glucose p 1 
— ► 3 a-L-rhamnosyl pi region of the O-poly sac- 
charide chain. The ability of these antibodies to 
bind to all 7,8-carrying isolates (Table 2) indi- 
cates that other substituents on the basic Y 
structure, (Fig. 1) such as the a-D-giucosc p 1 
4 a-L-rhamnosyl pill in serotype 2b bacteria* the 
acetyl on 0~2 of the a-L-rhamnosyl pill residue 
in serotype 3a bacteria, and the a-r>-g]ucose p 1 
— ► 3 a-L-rhamnosyl pll in serotype 5b bacteria, 
do not interfere with the binding to the 7,8 
epitope. 

The results obtained in the binding studies to 
the LPS antigens in ELISA were supported to 
100% in the COA studies in which a total of 211 
clinical isolates of S. ftexneri were tested (Table 
2). 

The excellent specificity of the monoclonal 
antibody preparations was in stark contrast to 
what was seen when testing the polyclonal rab- 
bit sera (Table 1). It was evident that the unab- 
sorbed rabbit sera had antibody populations 
which reacted with virtually all of the S. ftexneri 
LPS antigens, smooth and rough, i.e., lacking 
the O chains (Table 1). There are several reasons 
for this. Firstly, the LPS are not homogeneous, 
e.g., some of the core chains are not capped by 
O-antigenic PS chains (11, 24). SDS-PAGE anal- 
ysis of our S, ftexneri LPS antigens revealed that 
in several of them significant amounts of un- 
capped cores were present (Fig. 2). Secondly, 
the possibility exists that the o-glucosyl and O- 
acetyl substituents of the basic tetrasaccharide 
are not present in stoichiometric amounts. In 
several instances the substituents are coded for 
by lysogenizing bacteriophages (10, 12, 22). 
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TABLE 3. Agglutination with IgM monoclonal 
antibodies directed against 5. flexneri O-antigens 



5. 
flexneri 
serotype 


Antigenic 
formula 


No. of positive strains in 
agglutination/no. of strains tested for: 


|MASF(ll:3,4)-2J 
(IgM) 


[MASF<7.8)-2J 
(IgM) 


2a 


11:3,4 


10/10 


0/10 


2b 


11:7,8 


0/11 


11/11 


X 


-:7,8 


0/11 


11/11 



Such substitutions are often incomplete because 
of the spontaneous occurrence of nonlysogenic 
segregants in the bacteria] population. Also of 
importance is the fact that certain structural 
domains of the S. flexneri O-antigenic PS chain 
most likely will be the same and accessible 
irrespective of the presence of the known a-D- 
glucosyl and O-acetyl substituents. This struc- 
tural microheterogeneity readily explains the 
rather poor specificity observed also in the ab- 
sorbed an ti sera (Table 1). Standard manuals for 
the preparation of S. flexneri diagnostic ant i sera 
also emphasize the problems with obtaining 
monospecific reagents (7). 

Diagnostic laboratories may well benefit from 
the use of these monoclonal reagents, either 
used for direct agglutination as was done with 
the IgM clones (Table 3), or when used for 
sensitizing protein A- carrying S. aureus as in the 
COA studies for IgG clones (Table 2). 
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